The significant parameter involving nozzle total pressure level was found to be the unit Reynolds number at the nozzle exit times the nozzle throat diameter. For values of this parameter of less than one million, significant variations in the minimum cell pressure ratio occurred. An empirical method, which is usually accurate to within 20 percent of the experimental values, was developed for predicting the variation of minimum cell pressure ratio with nozzle total pressure level for ejectors using 18-deg conical nozzles. Ejectors equipped with contoured nozzles of O-deg exit angle were found to produce much lower minimum cell pressures for a given nozzle total pressure level than corresponding ejectors equipped with 18-deg conical nozzles although the variation of minimum cell pressure ratio with nozzle total pressure level is similar. Curves are presented which permit the estimation of minimum cell pressure ratio for ejectors using isentropic or other contoured nozzles similar to those used in this investigation.
A similarity parameter is presented which denotes the necessary condition for the equal performance of two geometrically similar ejector systems using different driving fluids.
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ILLUSTRATIONS Typical Ejector Configuration
Typical Nozzle Configurations. Phase III: Effect of diffuser length on the performance of ejector systems similar to those studied in Phase I (Ref.
3)
The Phase IV study is basically an extension of the Phase I study to include the effect of nozzle total pressure level on the performance of ejectors without induced flow. The data were obtained during the period March 1 through October 19, 1960. Test configurations were selected from those used in the Phase I study, and two new configurations equipped with contoured nozzles having O-deg exit angles were added.
Other investigators have not defined the effect of nozzle total pressure level on ejector performance, mainly because of facility limitations or interest in other aspects of ejector performance. However, in Ref. 4 , base pressure,ratio is qualitatively shown to be a strong function of a Reynolds number parameter. The data in this report show a similar variation of minimum cell pressure ratio with a Reynolds number parameter as predicted in Ref. 4 .
The Phase IV data are of practical importance in the design of facilities to test at simulated high altitudes proposed space rocket engines having large area ratio nozzles and relatively low combustion chamber pressures. Two available theoretical approaches for predicting minimum cell pressure ratio are presented in Refs. 5 and 6. In Ref. 5 the theory is shown to deviate significantly from experimental data obtained from an ejector system equipped with an isentropic nozzle of area ratio 1. 928 
APPARATUS
Each of the 13 ejector configurations was equipped with a supersonic nozzle located in a sealed plenum section and a straight cylindrical diffuser. A typical ejector configuration is shown in Fig. 1 .
The seven supersonic nozzles used (expansion ratios of 3. 627, 5.070, 10.848, 10.962, 23.684, 25, and 100) were each machined in one piece. All nozzles were made of brass. with the exception of the area ratio 10.962 nozzle which was made of steel. Dimensional details of these nozzles are presented in Table 1 , and typical nozzle configurations are shown in Fig. 2 . Table 1 are the configuration code designations of the nozzles, the cylindrical ducts, and the subsonic diffusers. A typical ejector configuration designation would be 5cs4, meaning nozzle configuration 5, duct c, and subsonic diffuser s4, and the geometry would be If the configuration did not have a subsonic diffuser, the subsonic diffuser code was dropped from the ejector configuration designation. For the above case, the ejector configuration designation would be 5c.
Included in
The following table includes the pressures measured, the pressure ranges, the types of measuring instrument used, and the estimated maximum deviation of the measured pressures. 
PROCEDURE
Before each test the entire cell was pressure checked with 30-psia air, and all flanges and instrumentation fittings were sprayed with liquid soap to permit detection of any possible leak. In addition, the cell was vacuum checked for leakage.
For each test configuration the nozzle plenum total pressure, PPt' was varied from a minimum to a maximum pressure with the ejector in the "started" condition at all times. A typical ejector operating curve defining the various flow configurations existing for the starting condition is presented in Fig. 3 . The minimum cell pressure, Pc, and the nozzle exit static pressure, Pne. were recorded for each nozzle plenum total pressure level. The" starting" pressure ratio, Pexl PPt.
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for each nozzle plenum total pressure level was determined by decreasing the exhaust pressure, Pex. until the cell pressure became independent of the exhaust pressure. The test conditions for each configuration are presented in Table 2 .
RESULTS AND DISCUSSION

EXPERIMENTAL RESULTS
A complete tabulation of the experimental results is presented in Table 2 . Included in this tabulation are nozzle plenum total pressure, PPt. nozzle plenum total temperature, Ttl minimum cell pressure ratio, pcl PPt. required starting pressure ratio, Pexl PPt, and nozzle exit static pressure ratio, Pnel PPt. The variation of minimum cell pressure ratio with nozzle plenum total pressure was of primary interest and is graphically presented in Figs. 4a and b. From these data the following ejector characteristics may be noted:
1. The rate of change of minimum cell pressure ratio with nozzle plenum total pressure level became very small as the nozzle plenum total pressure level was increased. This is shown in Figs. 4a and b.
2.
For each conical nozzle having a half-cone angle of 18 deg, one nozzle plenum total pressure existed at which the minimum cell pressure ratio was less than the minimum cell pressure ratio corresponding to any other nozzle plenum total pressure level. For ejector configurations equipped with the contoured nozzles having 0 -deg exit half angles, experimental data were not obtained at high enough nozzle plenum total pressure level to prove or disprove this fact. These relationships are shown in Figs. 4a and b.
3. The required starting pressure ratio was essentially independent of nozzle plenum total pressure and nozzle exit diameter ( Table 2 ).
The starting pressure ratios presented in Table 2 are, of course, the ratios for the particular configurations tested which had diffuser cylindrical length to diameter ratios, Ld/Dd, greater than or equal to five. As shown in Ref .. 3. the starting pressure ratio of an ejector system is a strong function of the ratio Ldl Dd and the nozzle exit half angle. 8 n .
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EMPIRICAL ANALYSIS
At the present time, the variation of minimum cell pressure ratio with nozzle plenum total pressure cannot be predicted quantitatively although the shape of this variation has been qualitatively predicted in Ref. 4 . Two available theoretical approaches for predicting minimum cell pressure are presented in Refs. 5 and 6. In Ref. 5 the theory is shown to deviate significantly from experimental data obtained from an ejector system equipped with an isentropic nozzle of area ratio 1. 928 and values of Ad/ Ane greater than 2. O. The theory presented in Ref. 6 also is shown to deviate significantly from experimental data obtained from an ejector system equipped with a conical 15-deg half angle nozzle of area ratio 4. 235 for values of Ad/ Ane greater than 2. O.
The successful design of practical ejector systems requires a method for estimating ejector performance which includes all the significant variables involved. The inadequacy of present theoretical methods leaves only the empirical approach for solution of this problem.
The simple method of estimating the minimum cell pressure ratio of any ejector system. referred to as one-dimensional theory in Ref. 1 , is based on the a~s_l.lrnption that the minimum cell pressure ratio equals the ratio of static pressure to total pressure corresponding to the Mach number defined by the ratio of cylindrical diffuser area to nozzle throat area. This method does not include the variables, nozzle exit flow conditions, nozzle exit flow angle, or nozzle plenum total pressure level, but does include the correct trend for variation of specific heat ratio. The simplicity of this method allows its use as the basis of an empirical solution as follows:
An "effective" ratio of cylindrical duct area to nozzle throat area was defined by the following equation For ejector configurations equipped with 18-deg conical nozzles, the empirical equation for the correction factor, K. was determined from the experimental data presented in this report by plotting these data as K vs PPt using Eq. (1). From this plot it was found that all data would lie on a single curve when they were plotted as K (Dd/ D ne > 1/4 vs ~ n -3 .89 R n e (D * 1 D n e) (10)
A comparison of minimum cell pressure ratios calculated using empirical Eq. (2) with the experimental values is presented in Figs. 5a . b, and c. As shown. the empirical equation represented the correct trends of all the variables. excluding nozzle exit flow angle. and was usually accurate to within 20 percent. The data presented in Fig. 5c were obtained from Ref. 7 for ejector configurations equipped with 15-deg conical nozzles. The excellent agreement of Eq. (2) with these data was fortuitous since Eq. (2) does not involve the nozzle exit flow angle.
It can be seen from Figs. 4a and b (compare configuration 5as1 with 4as 1 and 5cs2 with 4cS2) that at a given nozzle total pr~ssure level an ejector equipped with the contoured nozzle produced a much lower minimum cell pressure ratio than an ejector equipped with the 18-deg conical nozzle for the same set of area ratios. The data presently available are insufficient to determine the correct modification of Eq. (2) required to account for the nozzle exit flow conditions.
In general. the nozzle exit flow conditions can be defined by two parameters which determine the shape of the free jet boundary. and these are the nozzle exit wall angle, On. and the Mach number and total pressure distribution functions across the nozzle exit plane. It is interesting to compare the minimum cell pressure ratio calculated using Eq; (2) with experimental values obtained from ejector configurations equipped with isentropic and contoured nozzles. Such a comparison is Fig. 6a which shows that the variation of minimum cell pressure ratio with nozzle total pressure level for an ejector equipped with a contoured nozzle is similar to that represented by Eq. (2) even though the absolute value of this ratio may be different. This mayor may not be true for ejectors equipped with isentropic-type nozzles. In Fig. 6b , a similar comparison is made with data obtained from Refs. 5 and 7 and configurations 5as1 and 5cs4. The data from Ref. 5 were obtained from ejectors equipped with isentropic-type nozzles; the other data were obtained from ejectors equipped with contoured nozzles. The effect of nozzle plenum total pressure level on the trends shown in Fig. 6b was very small since Rne(D>!c/Dne) was usually greater than 1. 5 x 10 6 , and Eq. (2) tends to eliminate this variable., The variation of the ratio (Pc/ PPt) exp/ (Pc/ PPt) cal with the ratio Ad/ Ane is of similar shape for ejectors equipped with either isentropic or contoured nozzles.
Values from Fig. 6b can be used to correct the results from Eq. 2, and thus the performance of other ejector systems equipped with either isentropic or contoured nozzles that are within the limits of these data can be estimated.
Similarity Rule
On the basis of the previous discussion, it is possible to derive the necessary condition to insure the attainment of equal minimum cell pressure ratios for two geometrically similar ejector configurations using entirely different driving fluids. This condition is derived as follows:
Based on the empirical approach, the minimum cell pressure ratio can be expressed as follows from continuity and state equations assum-.ing no phase changes or chemical reactions occur. 
Substituting Eqs. Since the two ejectors being considered are geometrically similar, the ratio K2/K1 from Eq. (13) is as follows
The substitution of Eq. (14) into Eq. (11) yields
With Eq. (15) it is possible to estimate the value of the function R2 required if ejector configuration "2" is to simulate the performance of ejector configuration "1". To do this it is necessary to estimate the temperature ratio (Td/Tt)2 which is related to the minimum cell pressure ratio (Pcl PPt)2. For most ejector configurations the minimum cell pressure can be roughly estimated using the data presented in this report.
If it is assumed that the function R can be represented by the righthand side of Eq. (2) then the value of either R1 or R2 determined by Eq. (15) must always lie in the range 0.5 to 1. 159 if the similarity rule is to be valid.
The present experimental data are too limited to verify Eq. (15).
SUMMARY OF RESULTS
The results of an investigation to determine the effects of nozzle total pressure level on ejector performance can be summarized as follows: 18 1. The minimum cell pressure ratio was a strong function of nozzle total pressure level when the parameter. unit Reynolds number at the nozzle exit times the nozzle throat diameter. was less than 1. a x 10 6 .
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2.
For ejectors equipped with conical nozzles having half angles of 15 or 18 deg, the corresponding minimum cell pressure ratios can be estimated to ±20 percent using an empirical equation.
3.
The variation of minimum cell pressure ratio with nozzle total pressure level for ejectors equipped with contoured nozzles having 0 -deg exit angles was similar to that exhibited by ejectors equipped with 18-deg conical nozzles.
4.
The ejector operating pressure ratios, Pexl PPt, were essentially independent of the nozzle total pressure level. 
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